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Hi DaMonica,
We are continuing to review C6's proposal for the mini injectivity test. There seems to be a
possible discrepancy when we compare the write up recently submitted (word file attached) and
the information contained in Attachment | of your permit application (.pdf file attached).

The application contemplates a mini-frac and a mini injectivity test - with fracturing the
formation a part of the mini-frac test only. The mini injectivity test write up in Attachment | of
the application does not include fracturing, however the recent write up provided for the mini
injectivity test does indicate that fracturing is a part of this test. Further, the technical literature
provided to us describes mini-frac tests.
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We would appreciate receiving some clarification from you on this proposed test - can you
please provide EPA with a written description of the test that is being contemplated to include
the stated purpose and a clear explanation of the test procedure. We do not need the step by
step details, but clarification of the purpose/justification; the need to fracture, clarification of low
rate and low pressure vs. high rate and high pressure, and so forth, would be very helpful.

Sincerely,

Michele

B T

Mini Injectivity Test.docx  application. pdf
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Mini Injectivity Test



 The Permittee may conduct an initial, low-rate, low-injection pressure mini injectivity test ahead of the Step Rate Test (SRT) to assess receptivity of the potential injection interval, and to confirm that the SRT test injection pressures span the range from the measured initial shut-in to the parting pressure of the injection interval. Fluorescein, a fluorescent dye, shall be added to the water to trace the fluid before injecting the tagged water back into the injection well. Fluorescein is a fluorescent, organic dye used in medicine for diagnostic testing and in oceanography as a tracer.  The chemical formula for fluorescein is C12H20O5.  Fluorescent dyes are the most satisfactory dyes for determining the movement of underground waters, as they are the most easily detected in minute quantities.



The Permittee shall adhere to the following conditions in designing and conducting the mini injectivity test: 



Injection as proposed in an approved injectivity test procedure is temporarily authorized while the injectivity test is completed.



Prior to testing, shut in the well long enough so that the bottom-hole pressure approximates shut-in formation pressure.



Measure pressures with a down-hole pressure bomb or other approved pressure monitoring system and synchronize the data with data from a surface pressure recorder. 



Use enough rate and volume to establish and extend a fracture which can be monitored with the surface pressure recorder.  



After a sufficient volume of fluid has been pumped and a fracture has been propagated, shut down pumps, record the instantaneous shut-in pressure, and monitor surface pressure decline long enough until fracture closure pressure is observed.  



A second injectivity test may be proposed by the Permittee to ensure consistency in fracture pressure results.  EPA will evaluate this proposal.



The Permittee shall report the results to EPA within 45 days of conducting the injectivity test.  The results shall include analyses of the pressure decline from the injectivity test and pressure versus rate. 



The Permittee may produce water from the saline injection interval, filter it, and then use it for the injectivity test. The Permittee may also use commercial brine to conduct the injectivity test. Laboratory analysis that yields representative data on the physical, chemical, or other relevant characteristics of all injected fluids proposed for use during the injection test shall be conducted in accordance with requirements outlined in paragraph E.1.(a). If using non-native fluids, laboratory analysis of proposed injectivity test injection fluids shall confirm the non-hazardous nature of the fluids before the injectivity test is conducted. 



Detailed plans for conducting the injectivity test shall be submitted to EPA for review, possible editing, and approval. If approved, Permittee may schedule the injectivity test, providing EPA at least thirty (30) days notice before the test is conducted. Non-native fluids to be used during the injectivity test shall comply with Hazardous Waste Determination (see paragraph D1(b). of this section) and fluid testing requirements (see paragraph E.1(a) of this section).



Step-Rate Test



The Permittee shall conduct a Step-Rate Test (SRT) on injection well C6-1 to evaluate formation fracture pressure before CO2 injection is authorized. Refer to Society of Petroleum Engineering (SPE) paper #16798 for test design and analysis. The SRT results will be used to establish the maximum allowable injection pressure and rate limitations, in accordance with section D, paragraphs 3 and 4 of this part. Detailed plans for conducting the SRT must be submitted to EPA for review, possible editing, and approval. Once approved, the Permittee may schedule the SRT, providing EPA at least thirty (30) days notice before the SRT is conducted. The Permittee shall adhere to the following conditions in designing and conducting their required SRT: 



Injection as proposed in an approved SRT procedure is temporarily authorized while the SRT is completed.



Prior to testing, shut in the well long enough so that the bottom-hole pressure approximates shut-in formation pressure.



Measure pressures with a down-hole pressure bomb or other approved pressure monitoring system and synchronize the data with data from a surface pressure recorder. Data sampling rate must allow for observation and analysis of the pressure transient behavior during each rate step as well as during the final pressure falloff period which is discussed in item (vi) below.



Use equal-length time step intervals throughout the test; these should be technically justified and should be sufficiently long to overcome wellbore storage and to achieve radial flow. Use thirty (30) minute or longer time intervals.



Record at least three (3) time steps (data points on pressure vs. flow plot) before reaching the anticipated fracture pressure. Use one (1) barrel per minute rate increments in the early test stages. Larger rate increments may be used later in the test, but justification for this larger rate must be submitted to EPA for approval, in advance.



At the end of the test, shut down pumps and record the instantaneous shut in pressure and observe the pressure falloff for a sufficient time period to observe and later analyze the radial flow portion of the injection zone during the SRT. The length of time for pressure falloff observation must be determined and discussed in the Permittee’s submission plans in advance of conducting the SRT.



The Permittee shall report the results to EPA within 45 days of conducting the SRT.  The results shall include analyses of the pressures versus rate and the transmissivity and storativity for the stepped rates throughout the SRT by analyzing the pressure transient data.



The Permittee may produce water from the saline injection interval, filter it, and then use it for the step-rate test. The Permittee may also use commercial brine to conduct the SRT. Laboratory analysis that yields representative data on the physical, chemical, or other relevant characteristics of all injected fluids proposed for use during the SRT must be conducted in accordance with requirements outlined in paragraph E.1.(a). If using non-native fluids, laboratory analysis of proposed SRT injection fluids must confirm the non-hazardous nature of the fluids before the SRT may be conducted.
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I.2.1 Cased-hole Logging

The cased-hole logging program is designed to demonstrate integrity of the cement and tubulars,

derive the geometry of the wellbore path, and characterize the subsurface temperature gradient.

The following geophysical well logs will be run in the completed cased-hole section of the
appraisal well:

Cased Hole (0 — 11,000 feet)
e Cement evaluation and casing inspection tool
e Gyroscopic survey
e Differential temperature survey

Additional diagnostic cased-hole logs may be run at the discretion of the Project Team.

1.2.2 Pressure-Transient Testing

Pressure transient testing may be used to define reservoir properties and evaluate the completibn
condition of the wells. Step-rate tests and mini-frac tests can be used to define the breakdown
pressure of the formations of interest using low volume/high rate injection techniques. Constant
rate injection/falloff or production/buildup tests and cross-well interference tests can be used to
measure formation transmissibility, storativity, and completion condition of the well(s). A more
detailed testing procedure will be developed and conducted in the chosen pilot testing interval
following installation of the Injection Well. The various types of transient tests being considered

are outlined in the following subsections.

1.2.2.1  Mini-frac Injection Test

A mini-frac injection test, using native or commercial brine, may be performed on the injection
interval sand. A mini-frac analysis provides a method of estimating the fracture closure pressure
of the formation. This type of analysis quantifies the fracturing process as estimated from the
measured pressure decline. The test will provide the in-situ minimum stress that will define a
maximum bottomhole pressure for injection tests for reservoir characterization and for CO;

injection.
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The mini-frac test will be initiated at a high rate and pressure in order to quickly break down the
formation. Once breakdown has occurred, the injection rate will be stabilized. Following
stabilization of the injection rate, injection will continue for fifteen to thirty minutes. Once
stable injection has been observed for the estimated time frame, the injection pumps will cease
injection. If time and volumes allow, the injection pumps will be stepped down in equal time
increments. This will allow for estimation of perforation and near-wellbore friction losses. The
relationship between the decreasing rate and pressure results in a determination of near-wellbore

pressure losses.

1.2.2.2  Step-rate Injection Test

A step rate injection test, using formation or commercial brine, may be performed on the
injection interval sand. An initial low-rate, low-injection pressure injectivity test may be
performed ahead of the step rate test to assess receptivity of the potential injection interval.
From these data, a detailed step rate test plan will be designed and performed, so that test
injection pressures span the range from the measured initial shut-in to the parting pressure of the

injection interval.

If the pre-injection test is performed, the step rate test will then be initiated following pressure
recovery from the low-rate, low-pressure pre-test. Injection will be initiated and stepped up in
equal rate increments using equal time intervals (approximately 30 minutes per step). The 30-
minute increments should be sufficient to allow for proper rate stabilization of the injection
pump(s) and allow sufficient time to overcome wellbore storage effects between each rate

change (especially at the low rates).

The step rate test will be designed for either 5 steps (20 percent rate increase increments to 100
percent maximum rate) or 8 steps (15 percent rate increase increments to 100 percent maximum
rate) to gather a sufficient number of points for valid test analysis. The step rate test results will
be used to limit the maximum bottomhole injection pressure and surface injection pressure so

that the reservoir and seal formations are not fractured.

1.2.2.2  Constant Rate Injection/Falloff Test

A two-well constant rate interference pressure transient test using formation or commercial brine
may be performed prior to CO, injection in order to investigate formation properties
(permeability & storativity), presence/absence of boundaries, and wellbore conditions (skin,
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completion efficiency, and wellbore storage). The injection brine will be filtered to remove
suspended solids (e.g., sand, silt, drilling mud) and temporarily stored in an above ground frac-
tank. Fluorescein will be added to the water to trace the fluid before injecting the tagged water
back into the injection well at a constant rate. Downhole pressure and temperature will be
monitored in both the injection and observation wells during the injectivity test. The pressure
transient response observed during injection and the pressure fall-off period will be analyzed to

determine well and formation characteristics.
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